Background {#Sec1}
==========

Immune therapy targeting programmed cell death 1 (PD-1) and its ligand programmed death ligand 1 (PD-L1) demonstrated favourable therapeutic effects in gastric cancer (GC) in several clinical trials.^[@CR1],[@CR2]^ PD-L1 expression has been considered a potential biomarker for treatment efficacy in several types of cancer, including melanoma and non-small-cell lung carcinoma (NSCLC).^[@CR3]^ However, whether PD-L1 expression is a predictive biomarker for PD-1/PD-L1 inhibitor efficacy in GC remains controversial.^[@CR1],[@CR4]^

GC shows a strong histological heterogeneity in primary lesions, as various histological and differentiation types are frequently observed in the same samples. Intratumoural heterogeneity is often an obstacle for accurate assessment of tumour profiles and determining treatment strategy.^[@CR5]^ We hypothesised that PD-L1 expression evaluated by biopsy samples might differ from PD-L1 expression in the whole tumour because of intratumoural heterogeneity. To confirm whether PD-L1 expression evaluated by biopsy specimen accurately reflects its expression in the whole tumour, we compared PD-L1 expression of biopsy samples with those of matched resected samples and examined the correlations between the number of biopsies and accurate diagnosis of PD-L1 expression.

Methods {#Sec2}
=======

Patients and samples {#Sec3}
--------------------

A total of 191 patients with advanced GC with tumour depth below the muscularis propria layer were included (Supplemental Table [1](#MOESM2){ref-type="media"}). The patients received radical gastrectomy without pretreatment between 2005 and 2014 in Kumamoto University Hospital. Paired biopsy and resected samples from the same patients were used for PD-L1 immunohistochemistry. The study procedures were approved by the institutional review board (No. 1037), which waived the requirement for informed consent because of the retrospective nature of the study.

Immunohistochemistry {#Sec4}
--------------------

Formalin-fixed paraffin-embedded GC tissue samples were sectioned (5 μm) and deparaffinised. Heat-induced antigen retrieval was performed in antigen retrieval solution (pH 9, Histofine; Nichirei Biosciences, Tokyo, Japan) with a steamer autoclave at 121 °C for 15 min. Endogenous peroxidase activity was blocked using 3% hydrogen peroxide, and slides were incubated with rabbit monoclonal primary antibody against PD-L1 (1:200 dilution; clone E1L3N, 13684S; Cell Signaling Technology, Danvers, MA, USA) overnight at 4 °C. Slides were incubated with a secondary antibody (anti-rabbit EnVision™+/horseradish peroxidase; Dako Japan, Tokyo, Japan) and counterstained with haematoxylin (Supplementary Fig. [1](#MOESM1){ref-type="media"}).

Evaluation of PD-L1 expression {#Sec5}
------------------------------

PD-L1 expressions in biopsy and resected samples were assessed by one of the investigators (K.Y.) and an experienced pathologist (Y.K.) who were unaware of the clinical data. The observers individually calculated the combined positive score (number of PD-L1-positive cells \[tumour cells, macrophages and lymphocytes\] divided by the total number of tumour cells, multiplied by 100) and averaged scores to establish consensus. PD-L1 positivity was defined when the average score was 1 or greater, as described previously.^[@CR2]^ All samples included at least 100 viable tumour cells, which is the recommended tumour volume for scoring.^[@CR6]^

Statistical analysis {#Sec6}
--------------------

To examine the consistency of PD-L1 expression between biopsy and resected samples, the kappa coefficient was calculated. The accordance rate was compared using Chi-square tests based on the number of biopsies. Statistical analyses were performed by JMP^®^ version 13.1 software (SAS Institute). *p* \< 0.05 was considered statistically significant.

Results {#Sec7}
=======

PD-L1 expression in biopsy and resected samples {#Sec8}
-----------------------------------------------

Among the 191 patients, 89 (46.6%) patients showed PD-L1-positive biopsy and 135 (70.1%) patients showed PD-L1-positive resected samples (Table [1](#Tab1){ref-type="table"}). The accordance rate of PD-L1 positivity between the biopsy and resected samples was 64.4% and the kappa coefficient value was equal to 0.31 (poor agreement). False negativity (negative PD-L1 in biopsy and positive PD-L1 in a resected specimen) was observed in 57 cases (29.8%) and was the main factor for the high discordance of PD-L1 expression between the biopsy and resected specimen.Table 1Comparison of PD-L1 positivity between biopsy and resected specimensResected specimenPositive (≧1%)Negative (\<1%)TotalBiopsy specimen   Positive (≧1%)781189   Negative (\<1%)5745102 Total13556191Accordance rate (%)64.4Kappa coefficient (value)0.31

Correlation between the number of biopsies and accordance rate {#Sec9}
--------------------------------------------------------------

To assess the impact of the number of biopsies on the accuracy of PD-L1 evaluation, the correlation between the number of biopsies and accordance rate of PD-L1 expression was examined (Fig. [1](#Fig1){ref-type="fig"}). Among the 191 cases, single biopsy was performed in 43 cases (22.5%) and multiple biopsies were performed in 148 cases (77.5%). The accordance rate of single-biopsy cases was significantly lower (48.8%) than that of multiple biopsy cases (68.9%) (*p* \< 0.05, Fig. [1a, b](#Fig1){ref-type="fig"}). Moreover, single-biopsy cases showed low positive and negative percent agreement (Supplementary Table [2](#MOESM3){ref-type="media"}). Multivariate logistic regression analysis demonstrated that single biopsy was associated with discordance (Supplementary Table [3](#MOESM4){ref-type="media"}). False-negative cases comprised 46% of single-biopsy cases, whereas the proportion of true-positive cases and true-negative cases increased by 10% in multiple biopsy cases (Fig. [1c](#Fig1){ref-type="fig"}).Fig. 1Correlation between the number of biopsies and accordance rate. **a** Comparison of the accordance rate of PD-L1 expression between biopsy and resected samples according to the number of biopsies. \**p* *\<* 0.05. **b** Comparison of the accordance rate of PD-L1 expression between biopsy and resected samples according to single or multiple biopsies. \**p* \< 0.05. **c** Distribution of PD-L1 expression evaluated by biopsy according to single or multiple biopsies

Discussion {#Sec10}
==========

Our results showed that biopsy could not fully reflect PD-L1 expression of the whole tumour in GC. PD-L1 positivity in biopsy samples was observed in 46.6% of the GC patients, which was consistent with previous reports.^[@CR2]^ In contrast, PD-L1 positivity was observed in 70.7% of paired resected samples. Moreover, the accordance rate of PD-L1 expression between biopsy and resected samples was 64.4%, with a marked amount of false-negative cases. Notably, a significantly lower accordance rate was observed among GC patients with single biopsy than those with multiple biopsies. Therefore, multiple biopsies are recommended to improve the accurate diagnosis of PD-L1 expression in GC.

The discordance of PD-L1 expression between biopsy and resected samples was also reported in NSCLC.^[@CR7]^ However, the heterogeneity of PD-L1 expression specific to GC may be an important contributing factor for the discordance. Previous studies reported GC cases in which PD-L1-expressing cells localised only in the tumour centre.^[@CR8]^ Therefore, we hypothesised that biopsy samples might not fully reflect the PD-L1 expression in the whole tumour in GC, because biopsy samples are usually obtained from the mucosal part of the tumour. Notably, we demonstrated that single biopsy is insufficient to overcome the tumour heterogeneity for the accurate assessment of PD-L1 expression. In evaluating HER2 expression in GC, several guidelines have indicated that a minimum of five biopsy specimens should be obtained to account for intratumoural heterogeneity and to provide sufficient tumour specimens for diagnosis and biomarker testing.^[@CR9]^ We also found a higher accordance rate in cases with more than five biopsies (Supplementary Table [2](#MOESM3){ref-type="media"}). Further studies using more samples, including more than five biopsies, are needed to determine the optimal number of biopsies for PD-L1 evaluation.

This study has several limitations. First, patients who underwent pretreatment for GC were excluded. Previous clinical trials evaluated PD-L1 expression in patients with treatment history. However, PD-L1 expression can be dynamically modulated in response to treatment.^[@CR10]^ Therefore, we excluded patients who underwent pretreatments to avoid this alteration bias. Second, we did not assess whether the discordance of PD-L1 evaluation between the biopsy and resected samples affects the prediction of the PD-1 inhibitor efficacy. Further studies are needed to confirm the significance of PD-L1 expression in the whole tumour as a predictive biomarker for PD-1 inhibitors.

In conclusion, we demonstrate that biopsy cannot fully reflect the PD-L1 expression of the whole tumour in GC. Multiple biopsies are recommended to improve accurate diagnosis of PD-L1 expression. This study is clinically meaningful in discussing the significance of PD-L1 expression as a predictive biomarker for PD-1/PD-L1 inhibitors in GC.
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